To investigate the effects of air-lock technique (ALT) on pain of intramuscular (IM) injection delivered to the ventrogluteal and dorsogluteal site (DS).
D rugs are delivered via many routes, such as orally, topically, and parenterally. 1 One of the techniques for parenteral drug delivery is intramuscular (IM) injection, and one of the sites for this is the large muscle masses. 2 Intramuscular injection is a technique, which causes the patient pain and discomfort. [3] [4] [5] According to the results of one study, 6 40% of patients receiving IM drug injections rate it as a very painful process. In the administration of IM injections, the choice of a reliable injection site and injection technique are important factors in the reduction of pain arising from IM injection. In the literature, it has been stated that one site used for IM injection, the dorsogluteal site (DS), is rich in blood vessels, is close to the sciatic nerve, and has a thicker layer of subcutaneous tissue than other sites, making it the most risky site, while the ventrogluteal site (VS) can be safely used instead. 1, [7] [8] [9] [10] The dorsogluteal area, which is frequently preferred by health professionals has been reported to be the most risky area for IM injection. 10 If the injection site is not chosen correctly, very serious complications may result. 7, 8 It is accepted that the VS is safer for injections and causes less pain, because there are no large blood vessels and nerves in the area, and it is distant from bony tissue. This area has the added advantages that the subcutaneous layer here is thin, the necessary position for the patient is easy, and the probability of the medication being delivered to the subcutaneous tissue is low. [11] [12] [13] Although the literature identifies the VS as the safest site for IM injections, studies have shown that most health professionals do not use this site and are unwilling to change; in addition, although they are aware of the complications that can arise from the use of the DS, they do not give up in using this site. 11, 12 A study in Turkey 14 showed that 60% of nurses always used the DS for IM injections. At the same time, it is believed that the air-lock technique (ALT) used in the administration of IM injections reduces tissue trauma, and reduces pain at the time of injection by preventing the medication from reaching the subcutaneous tissue. 9 In a study carried out by Mac Gabhann 15 it was stated that the ALT was found to be effective in reducing discomfort due to IM techniques. Najafidolatabad et al 16 reported that the ALT was effective in reducing the pain felt after IM injection. It was observed that there are very few studies examining the effectiveness of reduction of IM-induced pain in the dorsogluteal and ventrogluteal injection regions, and the ALT applied there. Besides, it was found that the results of existing studies were not up to date. In this study, we aim to investigate the effects of ALT on the pain of IM injections delivered to the ventrogluteal and DS. This research was conducted for the purpose of providing additional data to practitioners at the level of clinical evidence, and contribute to the literature in light of the current data.
Methods. A randomized controlled trial design was used to assess pain intensity associated with IM injections administered using 2 different methods and injection sites. The present study was designed to investigate the effect of ALT on pain of IM injections delivered to the ventrogluteal and DS. The study was approved by the Ethics Committee of Uludag University, Bursa, Turkey following the guidelines set for the use of human subjects under the Helsinki Declaration. All participants were given information on the study before participating, and patient's provided written informed consent before voluntary participation. For this trial, the recruitment of patients was carried out between April and August 2013 at the Department of Brain Surgery, Cekirge State Hospital Bursa in the western region of Turkey. The participants were those who had been admitted to the hospital and had previously been prescribed diclofenac sodium by the attending physician to be administered intramuscularly at least every 24 hours. In the center where the survey was conducted, only patients who had been prescribed diclofenac sodium intramuscularly were included. Inclusion criteria of patients in the study were being over 18 years of age, establishing a correct assessment of pain, had been diagnosed intervertebral disc herniation, and have not received any analgesic for at least 6 hours. Exclusion criteria were based on the following points: patients diagnosed with any disease that influenced pain perception, and those who had any illness in their extremities, which would prevent them from taking up any required position. Sixty patients were included in the study after screening for suitability. Patients were randomized into 2 groups with 30 patients each, according to age and gender. The first group received injections to the DS with the use of ALT and one not using the technique, and the second group were injected in the VS with the use of ALT and one not using the technique. In the selection of the injection method, a simple randomization method was used. The sample size was statistically determined using Power Analysis. Results showed for the sample size 0.80 power and 0.05 type I error was 56.
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Instruments. In the data collection, a selfadministered questionnaire was used. This questionnaire consisted of 2 parts. The first part included items on age, gender, body mass index (BMI), and disease. The second part contained a visual analog scale (VAS) that was used to measure the perceived pain intensity during IM. Immediately following each injection, VAS was given to the patients and they were asked to mark a point on the line that best represented their pain at the time of injection. The distance from 'no pain' to the patient's mark was then measured in centimeters -this was the VAS score (0-10). Zero represents no pain, and 10 represents the worst imaginable pain on this scale.
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Data collection. Subjects who satisfied the criteria were recruited, and were required to receive 2 doses of diclofenac sodium. The injection was applied to the DS with the patient in a prone position and the extremities held in a position of internal rotation. The researcher located the DS and the injection was administered into the gluteus maximus at the upper outer portion above the line. The injection was administered to the VS with the patient in a lateral position, the extremities which were uppermost brought into flexion and the extremities, which were below placed forwards. The VS was located by putting the palm of the right hand on the left greater trochanter of the patient so that the index finger pointed towards the anterior superior iliac spine. After that, the injection was administered to the center of this site. Patients were randomized into 2 groups for injections to the dorsogluteal or ventrogluteal regions. The randomized patients in both groups were injected twice in the right or left injection region, with and without using the ALT. Each patient's left or right injection region was randomized for the 2 injection methods, with or without using the ALT. In the ALT, the dose of medication that was to be administered to the patient was first drawn into the syringe, and then 0.5 ml of air was added. During the administration of the injection, the full dose of medication was delivered to the injection site, followed by a bubble of air. After each injection, another researcher who was unaware of the injection method recorded the pain intensity on the data collection form by having the pain intensity felt by the patient after the injection marked on the VAS. Similar IM injection protocols were administered for all participants. The protocol was designed as shown in Table 1 .
Statistical analysis was performed using the Statistical Package for Social Sciences version 18 software (SPSS Inc., Chicago, IL, USA). Numerical and percentage distribution of sociodemographic data on patients' identification characteristics were calculated. Conformity of numerical data to normal distribution was examined with the Kolmogorov-Smirnov test. Non-parametric testing was used in the analysis of such data as the numerical data did not fit normal distribution. The variations in age, gender, and BMI in the 2 groups and the difference in mean pain scores after the injections were analyzed using the Mann-Whitney U test. The level of significance was set at p<0.05.
Results. It was determined that 53.3% of the patients who received the injections to the DS were female, with a mean age of 46.23 ± 13.33, and mean BMI of 26.71 ± 4.74. Of those who received the injection to the VS, 63.3% were female, with mean age of 49.66 ± 11.83, and mean BMI of 27.67 ± 4.36. Results of the statistical analysis showed that there was no statistically significant difference in age (p=0.296), gender (p=0.600), or BMI (p=0.375) between the 2 groups of patients. The pain scores of the patients after injections were administered to the DS and VS, with or without using ALT are shown in Table 2 . The results of the statistical analysis showed that there was no statistically significant difference between the average pain scores for all injections received by patients in either group (p>0.05, Table 2 ).
Discussion. According to the results, there was no difference between the 2 groups to whom injections were given by the 2 different methods at the DS and VS in terms of independent variables such as age, gender, or BMI. It can be seen from these results that the patients had similar characteristics and that this did not affect the results of the study. Although the difference did not Another investigator assessed pain intensity and recorded reach statistical significance, the mean pain scores of patients who received injections at the DS were higher than those of the other group of patients ( Table 2 ). In the literature, the DS is reported as the most risky site for IM injections because it is rich in blood vessels, it is close to the sciatic nerve, and the subcutaneous tissue is thicker there than at other sites, while the VS is suggested as a more secure alternative. [7] [8] [9] [10] [11] [18] [19] [20] In a study by Gunes et al, 21 it was established that patients' mean pain scores after injections to the DS were higher than those of patients who had received injections to the VS. Similarly, Moharreri et al 22 reported that injections to the VS caused less pain and bleeding than those to the DS. In accordance to these results, the results of our present study support the literature.
The results of our study showed that patients who received injections to the VS had higher mean pain scores when the ALT was used than when it was not used, while the patients who received injections to the DS showed the opposite result ( Table 2 ). In the literature, it is asserted that the use of ALT reduces tissue trauma, and the pain felt during injection.
9,15 Najafidolatabad et al 16 in a study comparing the 2 injection techniques reported that pain experienced after injections using ALT was less. On the other hand, it was reported in a study by Ehsani et al 23 that the ALT had no effect on reducing the pain of injection. The results of our study showed support for the literature in the case of patients who received ventrogluteal injections. However, the opposite result for patients who received dorsogluteal injections suggests that since the thickness of the subcutaneous tissue is greater at the DS than at the VS, and that it is less suitable than the VS for injections, it is possible that the ALT has no effect on pain of injections at that site.
Intramuscular injections, which are frequently performed by health professionals in clinics are common painful parts of routine health care. Improper injection techniques can lead to pain and increase the risk of patient's injury associated with IM injections. Thus, good injection technique can make the experience relatively painless for the patient. Intramuscular injections of diclofenac sodium should preferably be administered to the VS using the ALT. This study provides empirical data for evidence-based nursing and contributes in helping health care professionals reduce injection pain.
This study has some limitations. First, since the research was only conducted on patients with intervertebral disc herniation, it is not possible to generalize the results of the research. The second limitation of the study is that while injection region and ALT were examined, the effect on pain complications and the effect on other complications were not examined.
In conclusion, the results of the study showed that the mean pain scores of patients in the group, which received injections to the VS by both techniques, were lower than those of patients who received injections to the DS. In addition, it was established that the process of injection to the VS by ALT was less painful than when the injection was given without the use of that technique. In light of these results, we recommend that IM injections of diclofenac sodium should be given at the VS, preferably using the ALT. We recommend that the study results should be generalized by repetition with larger sample and with healthy human subjects in groups with different ages, gender, and BMIs. 
